Abstract
Since its inception, ecotourism has been presented as an ideal way to raise money and awareness for conservation while at the same time benefitting local communities. In the early 1960's, orangutan rehabilitation centers in Malaysia and Indonesia began to integrate tourism into their fundraising efforts in order to reintroduce ex-captive orangutans back into the wild and provide education on the conservation of the species. This early integration of tourism led to a widely popular industry that today is thriving. The present research provides a review of the history and current perspectives of traditional orangutan tourism and the more novel wild orangutan ecotourism in the state of Sabah, Malaysian Borneo, to assess whether ecotourism is an appropriate future solution to orangutan conservation. Due to a lack of evidence supporting claims that ecotourism is a panacea for conservation, it is suggested that further research be carried out on the ecological role that orangutans play in their habitats as seed dispersers, and that educational programs surrounding orangutans' ecological roles may provide a more sustainable method of promoting conservation.
Introduction
It is an inarguable fact that the human population has been growing, and continues to grow, to a point that has put extreme pressures on the environment (Ehrlich 1968) . According to the 2015 Revision of the United Nations World Population Prospects, the human population is over 7.3 billion, and it is projected to be over 9.7 billion in the year 2050 (United Nations 2015).
The recent and rapid increase in the human population, together with the development of urbanized societies, has led to huge changes in the earth's ecosystems that have resulted in a loss in biodiversity (Ancrenaz et al. 2007) . This is largely a result of the land use changes that have occurred as a consequence of the growing population expanding into natural areas and the increased consumption of agricultural goods and forestry products (Turner II et al. 1994) . Many scientists agree that we are currently witnessing a mass extinction event that could cause an estimated 67% of wildlife species to go extinct by 2020 (WWF 2016) .
In response to this global decline in biodiversity, the scientific community has developed the relatively new field of conservation biology. It is multidisciplinary, involving members of the natural science community, economists, anthropologists, sociologists, philosophers, and members of numerous, other theoretically-and management-based disciplines (Meffe et al. 2006 ).
To date, most global conservation efforts have focused on creating protected areas that are largely uninhabited by humans (Hockings et al. 2006; Ancrenaz et al. 2007 ).
One of the biggest hurdles to overcome in conservation efforts around the world, particularly in developing countries, is the immense cost of preserving areas under a protection regime (Bednar-Friedl et al. 2012) . Ecotourism provides a method of funding conservation initiatives that also has the potential of benefitting the community in which the tourism program is located (Cater 1994; Krüger 2005; Muehlenbein et al. 2012; Tisdell & Wilson 2012) . To be successful and sustainable, a conservation project requires support from the local community. To achieve this, the host population needs to see the value of preserving a piece of land, and they ideally should benefit economically from said area (Ancrenaz et al. 2007; Bednar-Friedl et al. 2012; Tisdell & Wilson 2012) . The sustainability of each individual ecotourism organization relies on the continual satisfaction and flow of income from tourists and the environmental health of the protected area (Cater 1994) . Although ecotourism has much potential in aiding the conservation of biodiversity, it also presents some possible concerns, such as the degradation of ecosystems and negative effects on wildlife caused by disturbance (Boyle & Samson 1985; Blanc et al. 2006; Muehlenbein et al. 2012; Buckley et al. 2016) .
Scholars in general agree that the negative effects on wildlife must be studied on a caseby-case basis (Cater 1994; Tisdell & Wilson 2012; Buckley et al. 2016) , and that the most sustainable ecotourism enterprises often involve charismatic species (Krüger 2005; Tisdell & Wilson 2012) . Among the most iconic species in Southeast Asia are the Bornean and Sumatran orangutan, Pongo pygmaeus and Pongo abelii. Both species are classified in the "critically endangered" category of the 2016 IUCN (International Union for Conservation of Nature) Red
List of Threatened Species due to the loss of their habitat in the region's lowland tropical rainforests (Ancrenaz et al. 2007 ). The uniqueness of these two species presents an attraction for tourists to visit the areas they inhabit in the hope of seeing an orangutan in the wild. This can result in a dilemma: although these species can benefit from ecotourism because it protects what little habitat that they have left, it might also cause individuals to have elevated stress levels (Muehlenbein et al. 2012) , become habituated to disturbances by people-making them more vulnerable to poaching (Blanc et al. 2006; Muehlenbein et al. 2012) , and it has the potential to expose them to human diseases (Muehlenbein et al. 2010 ).
The present research is focused on protected populations of the subspecies Pongo pygmaeus morio, the orangutans of Northeast Borneo-specifically populations found in the Malaysian state of Sabah in Southeast Asia. The definition of ecotourism that will be used in this research is that promoted by The International Ecotourism Society: "responsible travel to natural areas that conserves the environment, sustains the well-being of the local people, and involves interpretation and education" (TIES 2015 forward? My purpose is not to provide a complete review of all the literature pertaining to the topic, but to frame the history and current situation in Sabah, Malaysian Borneo, of conservation of orangutans and their role in traditional tourism and ecotourism, and to assess the effectiveness of these industries in conservation efforts.
Methods
A review of the literature on how orangutans are being affected by ecotourism and conservation initiatives in Malaysian Borneo, both negatively and positively, was conducted using various search engines. Key words in the searches included: ecotourism AND orangutan, "nature-based tourism" AND orangutan, orangutan AND conservation, orangutan AND conservation AND ecotourism, orangutan AND "population ecology", orangutan AND ecotourism AND Sabah, orangutan AND Kinabatangan, and tourism AND Sepilok. Resources used for this thesis are peer-reviewed articles in the domains of Conservation Biology, Anthropology, Environmental Economics, Ecology, Political Science, and Environmental
Science. In addition, data were obtained from the 2015 Revision of the United Nations World Population Prospects and the 2016 IUCN Red List of Threatened Species.
Literature Review

Conservation
In our rapidly developing world, demand for natural resources is rising every day. As the human population increases, so does its need for land and natural resources. It is imperative that Today, many of the last pristine places on earth, and those with the highest biodiversity and conservation value, are in developing countries. Scientists and others who value conservation run into numerous ethical issues in these areas; issues that have a huge impact on the practice of conservation because one must consider the lives of the people in these places, particularly indigenous and impoverished peoples (Buckley 2011 ). Malaysia, and Malaysian Borneo in particular, is one of these countries, touted by Mittermeier and Werner (1990) and Gössling (1999) alike as a "megadiversity country".
When selecting a location for protection, scientists suggest prioritization of areas that contain rare or endangered species and/or their ecological support systems, exhibit high levels of biodiversity, are in pristine condition, and encompass ecosystems not yet represented in protected areas (Buckley 1985) . In Malaysian Borneo, one of the most iconic, and at the same time critically endangered species, is the orangutan. Their endangerment is largely due to the amount of land conversion that has taken place. In 2010, the percentage of intact forest area in the Malaysian state of Sabah was only 19.1% (Gaveau et al. 2014 ). The forests have been logged to harvest timber, and more recently and extensively to make room for oil palm plantations, tree plantations for paper products, community agriculture, and mining. These activities have all played a part in forest fragmentation and increased human-orangutan conflict. As a result, it has been estimated using population genetics that the orangutan population has declined by ca. 50-90% in the past 100 years (Meijaard et al. 2012) . Most of the orangutans in Sabah today live in the eastern part of the state, where hunting is less prevalent due to the overwhelmingly large Muslim population. One of the larger remaining orangutan populations in eastern Sabah can be found along the lower stretch of the Kinabatangan River. Through genetic analysis, scientists have determined that before the land was largely converted to agriculture, there were over 4,000 orangutans in the Lower Kinabatangan. In 2014, there were only about 800 remaining (Ancrenaz et al. 2015) . Goossens et al. (2006) estimated the decline to be even greater; a decrease of over 95% in the last 100 years.
Although scientists have concluded that populations of Northeast Bornean orangutans are declining rapidly (IUCN 2016) , the conservation of this taxon is proving no small feat. Much of the challenge in determining conservation objectives for this taxon comes from the fact that, due to the remoteness of their habitats, it is extremely difficult to get accurate population estimates, which are necessary for monitoring efforts, as well as determining at what density a population must be to avoid the deleterious effects of inbreeding depression (Aveling & Mitchell 1982; Ancrenaz et al. 2004; Meijaard et al. 2012) .
Orangutan Conservation Efforts
The earliest legal effort to protect orangutans took place in 1924 in what is now Indonesia (Meijaard et al. 2012) . In 1963, the Fauna Conservation Ordinance declared that it was illegal to capture, keep, or kill, an orangutan in Sabah, Malaysia (Aveling & Mitchell 1982) . Since then, the international trade of orangutans has also become illegal under CITES (the Convention on International Trade in Endangered Species of Wild Fauna and Flora), and protected areas have been established in an effort to maintain current populations. However, many researchers have argued that a large number of these areas are too small, too fragmented, or too degraded, to ensure the survival of the species . Today, only 13% of the land in Sabah is under protection, and while 80% of orangutans in the state inhabit protected areas, populations are still declining due to continuing habitat fragmentation resulting from agriculture and development (Bruford et al. 2010) . When planning projects to preserve the species, conservationists need to recognize the needs of communities and their development, and work with them to come up with solutions (Ancrenaz et al. 2007 ).
The traditional (and ideological) method of conservation is to create protected areas devoid of human residents. However, in such an already fragmented landscape, with development and consumerism at such elevated rates, it is impossible to undertake protection in the absence of humans. It also is unethical to push indigenous peoples out of their homes to make room for an animal species that many people in Borneo and Sumatra deem today as "just another monkey" (Meijaard et al. 2012) . There is currently a push for landscape-level conservation; that would encompass both wildlife habitat and its human cohabitants (Ancrenaz et al. 2007 ). As of now however, strategies for orangutan conservation are as follows: managing protected orangutan habitat, developing orangutan-friendly management in unprotected areas, continuing to combat illegal killing and trade, and the rehabilitation and reintroduction into the wild of formerly captive individuals (Meijaard et al. 2012) . The primary goals of these conservation strategies are to reduce unnatural deaths and manage both protected and unprotected areas in order to maximize suitable habitat (Meijaard et al. 2012) .
However, there is hope for the Northeast Bornean orangutan. Although the lowland forests in Sabah are regarded as the lowest quality habitat with the scarcest resources, high densities of orangutans remain, particularly in the Kinabatangan region (Meijaard et al. 2012 , Loken et al. 2013 ). According to researchers, P. p. morio seems to have adapted to the conditions in which they live by acquiring smaller brain sizes, shorter interbirth intervals, and stronger jaws (Loken et al. 2013) . Research also has shown that orangutans are more resilient to anthropogenic disturbance than we once thought (Meijaard et al. 2012; Loken et al. 2013 ). According to eyewitness accounts, orangutans even have been seen in oil palm plantations, which suggests that these areas may still be able to act as corridors if there is suitable forest habitat nearby, and that orangutans can persist in ecologically mixed landscapes Meijaard et al. 2012; Loken et al. 2013 ). These discoveries have brought to light the struggle between personal motives for conservation and scientific knowledge (Sheil & Meijaard 2010 ).
However, other studies have come to a different conclusion: that orangutans require primary forest, and that disturbance is always deleterious. Sheil and Meijaard (2010) surmised that many conservation biologists develop motivations based on emotion and intuition, and subsequently use science to support their feelings. Notwithstanding, the fact remains that orangutans will not survive if the only method of conservation is the management of protected areas (Meijaard et al. 2012) . In order to learn how to better manage orangutan habitat, protected and unprotected, scientists need to work to understand the impacts of roads and plantations on orangutan dispersal, the causes and possible solutions of human-orangutan conflicts, the survival of orangutans in plantations and agroforestry landscapes, the importance of corridor development for orangutan meta-population dynamics, and the effectiveness of different already existing conservation strategies (Meijaard et al. 2012) . The latter has proven to be especially difficult, due to the lack of established scientific methods to assess the success of conservation projects. Even if an abundance of studies are carried out on the topics outlined above, there are still many requirements for orangutan conservation. These additional requirements involve societal, political, and economic barriers. In many cases, conservation is not the most economical use of land. In these cases, when more consumptive land uses have the potential to be more profitable, the choice to protect an area would involve giving up certain opportunities for income; conservation would thus become more of an ethical action, rather than an economic one Meijaard et al. 2012) . After setting aside the land to be protected, laws must be enforced, but must also meet the approval of society or risk being rejected wholesale (Meijaard et al. 2012) . Therefore, it is in the best interest of conservation to be able to generate revenues that can to some extent counteract other profitable consumptive land uses (Swarna Nantha & Tisdell 2008).
Currently, most funding and political pressure to conserve orangutans in their natural habitats comes from non-governmental organizations (NGOs) outside of Borneo and Sumatra, such as the World Wildlife Fund (WWF) and the Orangutan Foundation International, which suggests that the residents of Borneo do not place the same value on orangutan conservation as does much of the Western world . For many communities in Borneo, development is their primary objective, and awareness and knowledge of the environment and how ecosystems function is not as widespread (Ancrenaz et al. 2007; . In some areas of Borneo, primates are still killed for food and other uses, although this is less common in Muslim-dominated Sabah, where eating primates is forbidden.
However, there are no rules in the Muslim religion that prohibit the killing of orangutans, so human-orangutan conflicts still occur, even if they are not well documented . As land use changes have continued to reduce and fragment orangutan habitat, these animals have been forced to rely more on human food sources, which has increased their terrestrial locomotion and led to conflicts with humans, not to mention a greater susceptibility to hunting and diseases (Lackman-Ancrenaz et al. 2001; Ancrenaz et al. 2015) . Orangutans used to carry cultural value in some indigenous tribes, but are now often considered pests (Lackman- Ancrenaz et al. 2001; Meijaard et al. 2012) . Conservationists run into social issues when residents perceive conservationists' efforts as taking away their land and giving it to "the monkeys" while they are struggling to obtain resources to survive and develop (Lackman- Ancrenaz et al. 2001 ).
Whereas it seems natural in the Western world to have the desire to conserve such a charismatic species, scientists and NGOs from that part of the world need to be aware of their personal motivations for working to conserve forests in tropical countries, and be able to understand the motivations of these nations' residents and why the latter might choose other land use options (Sheil & Meijaard 2010) . The Western image of nature, one of picturesque forests and cute animals that are valued almost higher than humans, is not universal (Meijaard & Sheil 2008 ). Ideas about the environment and development are not the same around the world (Cater 2006) . If conservation goals and projects are planned without collaborating with local people and listening to their goals and motivations, Westerners run the risk of making conservation into the "new colonialism" (Meijaard & Sheil 2008; Sheil & Meijaard 2010) . Sheil & Meijaard (2010) warned that "hammering our Western views onto tropical countries often does not convince but antagonizes". In order to therefore implement effective conservation strategies in Southeast Asia, and other developing nations across the world, scientists need to work with these countries' citizens to devise projects that are more suited to the cultural and local conditions and motivations (Cater 2006) . Instead of putting efforts into changing attitudes based on Western ideals and morals, researchers must take the time to understand how and why orangutans may be valued in Borneo.
While Western culture puts emphasis on non-use or passive values, such as existence value (the value in simply knowing something exists) or bequest value (the value of being able to 
Ecotourism
Not only is the human population growing rapidly, but we are also seeing more people investing in higher education, leading to rising incomes, more leisure time, and a greater demand for travel (Isaacs 2000; Tisdell 2005 ). Additionally, as more people are becoming educated, we have been seeing attitudes in the Western world shift in favor of higher environmental quality, and there appears to be an increased interest in the conservation of biodiversity, which has led to the growth in popularity of ecotourism (Isaacs 2000; Tisdell 2005 ).
Ecotourism has many competing definitions. It began as "tourism that involves travelling to relatively undisturbed or uncontaminated natural areas with the specific objective of studying, admiring, and enjoying the scenery and its wild plants and animals" (Ceballos-Lascuráin 1987).
Then it expanded beyond a focus on the natural environment to encompass social, cultural, and economic sustainability (Weaver 2005) . In the 1980's, we saw the emergence of communitybased ecotourism (CBE) that made it its purpose to ensure that host populations were the primary beneficiaries (Weaver 2005) . Ecotourism is not to be confused with nature-based tourism; although they are often used interchangeably, they have drastically different definitions. Naturebased tourism refers to travel to natural areas, without the goals of preserving the environment or benefitting the local people (Kiss 2004).
The prospect of ecotourism being able to concurrently reduce poverty and conserve biodiversity, by providing financial incentives for host populations to choose conservation over consumptive land uses, is enticing (Kiss 2004; Krüger 2005) . However, many tourism projects that label themselves as "ecotourism" do not follow all of the principles laid out by The International Ecotourism Society (King & Nair 2013) . These principles are: 1) to minimize negative physical, social, behavioral, and psychological impacts; 2) build an awareness and respect of the environment and local culture; 3) provide positive experiences for hosts and visitors alike; 4) provide direct financial benefits for conservation; 5) create financial benefits for the local people; 6) foster educational experiences for the visitor that raise their sensitivity to the environmental, social, and political issues in the host country, 7) utilize low-impact facilities; and 8) respect the rights and beliefs of the local people and to work in partnership with them (TIES 2015).
Orangutan Tourism
Different orangutan tourism opportunities generally fall into one of two categories: traditional orangutan tourism and ecotourism. In traditional tourism involving orangutans, there is a focus on animals in rehabilitation centers (Orams 1995; Honey & Stewart 2002; Weaver 2002; Fennell & Weaver 2005) . In these centers, tourists pay a small fee to observe daily feedings of rehabilitant orangutans that have been rescued from the illegal wildlife trade and in some locations, walk through the adjacent forest to view habituated free-ranging orangutans that have already been released into the wild (Russon & Susilo 2014) . Wild orangutan ecotourism, on the other hand, usually involves guided tours through the tropical rainforest to observe the species in its natural habitat, as well as the flora and fauna they share it with.
Traditional Orangutan Tourism
Orangutan tourism began in the 1960's with a focus on rehabilitated individuals, as a response to the growing fear that orangutans were going extinct (Harrisson 1962; Caldecott & Miles 2005; Muehlenbein & Ancrenaz 2009 ). At the time, researchers thought that ex-captive orangutans could be successfully rehabilitated to enter back into the wild and replenish declining populations, and that tourism at these rehabilitation centers could help fund these projects as well as the conservation of wild orangutans (Dellatore et al. 2014; Russon & Susilo 2014) . It was also a hope that tourism would bring about an awareness of the wild orangutans' situation, and in turn bring attention to the global loss in biodiversity and convince governments to act (Rijksen & Meijaard 1999; Schoneveld-de Lange et al. 2016 ).
The Sepilok Orangutan Rehabilitation Centre in Sabah is the most frequented wildlife tourism destination in Asia (Muehlenbein & Ancrenaz 2009 ). This orangutan sanctuary was established in 1964 in the Sepilok Forest Reserve, near the town of Sandakan, with the goal of rehabilitating orphaned, injured, and other confiscated orangutans for release back into the wild (Harrisson 1965; Muehlenbein et al. 2008) . Tourism was brought to the center to facilitate education and raise funds to return rehabilitated orangutans to their natural habitats (Muehlenbein et al. 2008; Russon & Susilo 2014) . When centers such as Sepilok were established, not much was known at that time about the requirements for successful rehabilitation, and how tourism could negatively impact conservation efforts (Caldecott & Miles 2005 ).
In the late 1970's, researchers began to realize that tourism involving rehabilitating orangutans was not without its own problems. Excessive close contact between rehabilitant orangutans and visitors had become the norm, exposing both parties to diseases from the other (Russon & Susilo 2014) . Researchers have found that orangutans are susceptible to human pathogens, such as the Epstein-Barr virus, mumps, dengue fever, Japanese encephalitis, as well as numerous intestinal parasites (Muehlenbein et al. 2008 ). There was also concern that stress from these close encounters could reduce their disease resistance (Russon & Susilo 2014) .
Another issue was that after reintroduction to the forest, these now human-dependent orangutans were encouraged to stay near the rehabilitation centers to continue to amuse visitors (Russon & Susilo 2014) . In some cases, centers failed to release orangutans that had been deemed ready to be reintroduced for the wild, instead keeping them in captivity to attract more tourists (Rijksen & Meijaard 1999) . Although some researchers (e.g., Aveling 1982; Frey 1978) have stated that rehabilitant tourism had been managed effectively to bring in money and educate visitors, others argued that these benefits did not offset the negative effects on the orangutans' health and rehabilitation (MacKinnon 1977; Rijksen 1982; Schoneveld-de Lange et al. 2016 ). Many experts recommended for wholesale changes to be made, starting with prohibiting tourist-orangutan contact (Rijksen & Rijksen-Graatsma 1975; MacKinnon 1977; Aveling & Mitchell 1982 , Rijksen 1982 ). In addition, it was recommended that tourism not be allowed at centers with orangutans who are eligible for release back into the wild, or in natural areas with reintroduced rehabilitant orangutans (Caldecott & Miles 2005) .
Instead of following these recommendations, rehabilitant orangutan tourism soared in the 1980's. Annual visitors to Sepilok went from 17,000 in the late 1970's to 89,600 by the turn of the century (Caldecott & Miles 2005; Russon & Susilo 2014 ). Malaysia's 1990 tourist campaign promoted orangutans as one of their main attractions, which was likely a major contributor to the boom in orangutan tourism (Russon & Susilo 2014) . This occurred one year after the country made the orangutan its mascot, an event that was announced by the Minister of Culture and Tourism (Russon & Susilo 2014) . Efforts to discontinue tourism at certain rehabilitation centers were unsuccessful because communities had begun to heavily rely on the revenues (Caldecott & Miles 2005; Russon & Susilo 2014; Schoneveld-de Lange et al. 2016) . This was problematic, because it meant that the driving force for rehabilitating orangutans wasn't about conservation anymore, but instead about economics (Caldecott & Miles 2005) .
One of the primary arguments in support of rehabilitant orangutan tourism is that the economic gains from the industry give justification for the preservation of natural areas (Sherman & Dixon 1991; Steele 1995; Freese 1998; Butler & Boyd 2000; Russon & Susilo 2014 ). This has largely been found to be true. It has been shown that there has been less illegal logging in forests surrounding rehabilitation centers open to tourists than around centers closed to tourism (Russon & Susilo 1999) . However, the claim that the money gained is being used to support conservation is questionable. In the late 1990's, annual revenues from Sepilok were about $100,000 USD (Russon & Susilo 2014) . While rehabilitant orangutan tourism can create a large amount of revenue, this requires that the center bring in a large number of visitors, because entry fees for individuals are so low (Corpuz 2004) . For one foreign adult to enter the Sepilok Orangutan Rehabilitation Centre in 2004, the cost was $10 USD (Russon & Susilo 2014) .
Relying on large visitor numbers to generate enough revenue to keep the rehabilitation center running properly can hinder, or even eliminate, the chances of rehabilitation (Corpuz 2004 ).
Tourism advocates recognized that the industry was not exactly compatible with rehabilitation in the 1990's, but it has persisted under the notion that if it is controlled, it need not interfere with the conservation of the species (Payne & Andau 1989; Galdikas 1991; Galdikas 1995) . Today, rehabilitant orangutan tourism continues to increase, and many of the disputes over the management of these centers and tourist-rehabilitant interactions likewise continue (Russon & Susilo 2014) . Although touching and feeding the orangutans is prohibited, it still occurs from time to time in Sepilok (Muehlenbein 2017) .
Sabah still promotes tourism at its orangutan rehabilitation centers, despite IUCN workshops and recommendations that tourism be prohibited at centers with rehabilitant orangutans eligible for reintroduction into the wild, or already released into the nearby forest It is thought that many of these issues persist because it is extremely easy to begin to prioritize the economic value gained through tourism over the value of conservation. It is not in the best interests of the people working at rehabilitation centers, especially if they are given low wages, to restrict tourist behavior or prevent close interactions, when visitors are willing to tip workers for those same close encounters (Russon & Susilo 2014) . Corpuz (2004) suggested that some tourists come into these areas feeling that they ought to have a close encounter with an orangutan, after having spent so much money on airfare and tour tickets. Once experts began to realize that priorities were shifting away from conservation, tourism involving wild orangutans was suggested as an alternative, providing good management was possible (Caldecott & Miles 2005) .
Wild Orangutan Ecotourism
During the onset of orangutan tourism in the 1960's and 70's, it was thought that wild orangutans should be left alone due to their endangered status, and that they had little appeal to tourists anyway, given the fact that they are so solitary and it is difficult to detect them in the wild, making them unlikely to generate high revenues (Frey 1978; Aveling 1982; Aveling & Mitchell 1982; Rijksen 1982; Russon & Susilo 2014; Schoneveld-de Lange et al. 2016 ).
Despite these early views, wild orangutan ecotourism has become a growing industry since the mid 1980's (Russon & Susilo 2014) . In a study identifying and studying orangutan tourism ventures in Borneo, 42% of advertised tours involved a wild orangutan experience in 2005; by 2012, the number had grown to 62% (Russon & Susilo 2014) . Globally, there seems to be a growing desire to visit places and interact with the natural environment, which has led to an increase in value of experiences with wild animals, rather than captives or habituated ex-captives In their review of ecotourism businesses like Terra Incognita Ecotours, Russon and Susilo (2014) found that many of these vendors advertise that they donate proceeds to orangutan conservation. However, very few indicate the amounts that they donate. For example, according to their website, Terra Incognita donates money from the Red Ape Encounter tour package to the EcoHealth Alliance Borneo Project, but the amount of these proceeds is not stated (Terra Incognita Ecotours 2017) . Typically, most of the money gained from ecotourism ventures goes to larger corporations-such as airlines, hotels, and businesses selling tour packages (Bandy 1996; Goodwin 1996; Lindberg 1998; Russon and Susilo 2014) .
Other concerns with wild orangutan ecotourism include the degradation of the environment and the negative effects of disturbance on wildlife. Part of the attraction of ecotourism is the fact that it typically occurs in areas visitors would consider as pristine, which are often remote and ecologically sensitive (Gössling 1999) . While trekking through the tropical rainforest on a guided tour, tourists can erode the soil or trample on vegetation, which can cause altered plant composition, reduced plant production, and compaction of the soil-all of which can lead to possible local habitat change (Boyle & Samson 1985; Reynolds & Braithwaite 2001; Tisdell 2005; Blanc et al. 2006; Bednar-Friedl et al. 2012) . Even if there are pathways set out, there will always be tourists that do not follow the rules and step off the path (Isaacs 2000) .
Although there has been limited research done on possible economic losses due to the deterioration of the environment, too many visitors and poor management can lower the quality of a tourism experience, and eventually compromise it, as well as reduce the carrying capacity for the wildlife that inhabit the impacted environment (Tisdell 2005; Buckley 2011; BednarFriedl et al. 2012; Russon & Susilo 2014) . Tourist activity can also pose threats to wildlife through flash photography, close encounters, and noise disturbance from boats, vehicles, and tourists trekking through the forest (Bednar-Friedl et al. 2012) . These interactions can cause increased heart rates and heightened stress hormone levels in wildlife, which may or may not become chronic (Buckley 2011; Russon & Susilo 2014) . In a study on stress responses following tourist exposure in two wild habituated orangutans and four wild unhabituated orangutans in the Lower Kinabatangan Wildlife Sanctuary of Sabah, Muehlenbein et al. (2012) found that although fecal glucocorticoid metabolite levels (indicative of elevated cortisol production) increased after tourist visitation, levels dropped back down to normal, leading the researchers to conclude that the wild orangutans in the sanctuary were not chronically stressed. While it is possible that low levels of disturbance may have very little physiological impact on orangutans, this study only looked at short-term effects of tourist visitation on a small number of individuals. Most of our current knowledge of short-term impacts on wildlife are from qualitative data from anecdotal accounts of isolated incidents of disturbance or mortality, or observational studies (Boyle & Samson 1985; Russell & Ankenman 1996; Blanc 2006; Bednar-Friedl et al. 2012) . What is lacking in ecotourism research are more controlled quantitative assessments of short-term effects, and studies that look at long-term effects on survival and reproduction, as well as population dynamics (Boyle & Samson 1985; Blanc 2006; Buckley 2011; Bednar-Friedl et al. 2012 ).
Conclusion
Orangutan tourism, although potentially economically profitable and having helped to preserve habitat for habituated individuals, has largely been unsuccessful in generating the educational and economic benefits for conservation that were expected when the industry began in the 1960's (Russon and Susilo 2014) . A large portion of the money involved does not go directly into conservation, and changed attitudes from educational experiences on a tour do not always translate into changing one's behavior to contribute to conservation efforts (Rijksen & Meijaard 1999; Dellatore et al. 2014) . However, this type of experience is still being marketed to tourists as an important contribution to help the conservation of the species. Notwithstanding, for better or for worse, orangutan tourism has been very successful in terms of growth. So much so that experts are becoming concerned that if the number of tourists continues to increase annually, it will lead to massive degradation of the environment and an eventual loss of the tourism opportunity (Rijksen & Meijaard 1999; Bednar-Friedl et al. 2012; Russon and Susilo 2014) . This is especially concerning considering that the issues surrounding rehabilitant tourism and wild orangutan ecotourism have not been resolved despite repeated assessments and recommendations to change for the past 40 years (Russon and Susilo 2014) .
However, eliminating tourism is not a viable option (Dellatore et al. 2014) . Since the industry is growing and providing income for communities, even if the economic benefit is lower for them than for larger corporations involved, the question is no longer whether or not ecotourism should be banned in rehabilitation centers or in wild orangutan habitat, but how scientists and tour operators can continue to work to lessen its negative impacts (Caldecott & Miles 2005; BednarFriedl et al. 2012) .
Recommendations for the future include finally discontinuing tourism with orangutans eligible for release back into the forest or individuals already released, implementing tourism management that ensures that the conservation of the species is the first priority, and promoting ecotourism ventures that emphasize viewing the natural environment and learning about the ecosystem and how all of its inhabitants interact rather than capitalizing on the "cuteness" of our primate cousins (Macfie & Williamson 2010; Dellatore et al. 2014; Russon and Susilo 2014) .
Some experts recommend further restrictions to minimize harmful effects, stating that bookings for tours should be made in advance, tourists should wait at least seven days after traveling from a foreign country before visiting orangutans, group sizes and the number of visitors allowed per day should be limited, and tourists with surgical masks should maintain at least a seven-meter distance from any orangutan-or ten meters without (Rijksen & Meijaard 1999; Rosen & Byers 2002; Macfie & Williamson 2010) . The risk of creating such rigid guidelines is that these restrictions will cause the value of orangutan tourism to depreciate. A balance must be struck between maintaining the value of the experience for the tourist and protecting the orangutans and their habitats, so that the industry may continue.
There is much to be done to improve the methods and management of rehabilitant orangutan tourism and orangutan ecotourism, but it would be a mistake to view these industries as sustainable methods of meeting conservation goals (Isaacs 2000) . Even if many of these negative impacts are successfully minimized for the present levels of tourists, these levels will inevitably change over time as people's values and interests change (Duffus & Dearden 1990; Catlin et al. 2011; Russon & Susilo 2014) .
The issue with bringing attention to, and attempting to fund conservation by making nature a commodity that can be bought and sold is that if the ecotourism venture fails, people in the host community might not see value in conserving the area anymore, and might convert the land for more consumptive uses such as logging or agriculture (Cater 2006; Isaacs 2000) . One promising sustainable alternative for promoting conservation could involve educating communities in Borneo about the value of the ecological services healthy forests provide, and the potentially important role that orangutans play as seed dispersers in creating a species-rich forest.
It is possible that without orangutans, already fragmented landscapes could change in species composition (Caldecott & Miles 2005) . However, in order to provide accurate and convincing education on the subject, more research needs to be done to understand whether seed dispersal by orangutans is actually significant in comparison to the same service as provided by other frugivores in the ecological community, how the extinction of the Northeast Bornean orangutan could affect the spatial distribution of plant species, and how these changes might affect the ecosystem services upon which the people rely for survival and development (Caldecott & Miles 2005 ).
Although ecotourism is still providing justification for the protection of certain areas encompassing orangutan habitat, the sustainability of this method remains questionable: the idea of ecotourism being a panacea for conservation is an outdated view. Research has shown time and again that the benefits of the tourism industry do not outweigh the risks to orangutan health and rehabilitation, and wild orangutan populations continue to decline. While ecotourism programs are likely to remain in practice for the foreseeable future because of the economic benefits they can offer to communities, and it is true that efforts could be made to potentially minimize their harmful effects, it is critically important for the well-being of all concerned that conservationists-and indeed, society at large-continue to look at other options to conserve this iconic species.
